Land use and land cover (LULC) have been continuously changing, through human activities, leading to variations in hydrological cycle. In this study, we applied SWAT model to investigate potential impacts of LULC on water budget of the Chi river basin in Thailand. Five plausible scenarios of land use change were evaluated, including an conversion of forested area, expansion of farmland, switching of rice paddy fields to energy crops and two scenarios involving conversion of farmland to rice and sugarcane plantation. The results indicated that different land use scenarios contributed to various effects in annual and seasonal water yield and evapotranspiration (ET). Conversion of forested area and farmland showed slightly small changes on water flows and ET. Substitution of paddy fields by sugarcane plantation showed clearly reduced water flows and increased ET by almost 5.0% in dry season. Particularly, in case of expansion of rice paddy fields to farmland, small changes occur on annual flow and ET but more significant effect occur on seasonal flows. The results showed decrease in ET by nearly 12.0%, leading to increase of water yield by up to 5.1% during dry season. Finally, conversion of farmland to sugarcane plantation for biofuel production showed significant effect on seasonal ET, mainly decreasing in dry season by 4.5 % but small changes were detected on water yields.
INTRODUCTION
Land use planning and management are closely related to the sustainability of water resources 1) as changes of land use are explicitly linked with water quantity through relevant hydrological processes. Many studies have been carried out on the relationship between LULC changes and water balance. The conversion of farmland to forest affects flow variation, while a change of agricultural lands to bare ground brings a reduction in ET, reflecting an increasing of discharge 2) . Also, it is likely that such changes can significantly alter the seasonal and annual water balance 3) . However, intensity of land cover change impacts on water balance depends on the changes of vegetation type. Most of previous studies have examined the effects of land change through entire conversion of a land use to other types. Considerations of changes in the vegetation cover are rare in the literature.
During recent decades, the impacts of changing pattern of land use associated with deforestation and agricultural transformation on water resources have created increasing concern in Thailand 4) . Thailand is an agricultural country with about 40.9 % land being used for rice cultivation, usually consuming large amounts of water. Rice paddy areas have increased from 4.95 million ha in 1950 to 11.3 million ha by 2007 5) . Almost half of the rice fields are located in the Northeast region and in the Chi basin also, the majority of land use is rainfed rice fields. Expansions of paddy fields in this basin have been noticeable, growing from 20% to 42 % in 2000, while a rapid decline in forest has been experienced 6) . The reduced forest area is caused by conversion of forest to agricultural lands to provide subsistence food for rapidly increasing populations and expanded commercial crops 7) . Several studies Observation rain gauges are the red marked found that these changes in agricultural lands have affected the hydrological systems 4), 6) . With concern over higher energy prices, crops cultivation for producing bio-fuel has received considerable attention of Thai Government especially to reduce import of fossil fuel 8) . Bio-fuel crops such as sugarcane and cassava, that have large priority for ethanol production, are suitable to be cultivated in rainfed area of the Northeast region. During past 5 years, sugarcane plantations in the region have increased due to high market demand 6) . Thus, higher demand for food and renewable energy along with the national policies which support it would be driving forces to induce changes of future land use pattern. For example, the expansion of rice paddy in response to rising demand or subsidization using bio-fuels may induce farmers to neglect the production of food crops in favor of bio-fuel crops. Different land use changes are expected to have varying effects on water resources, especially in seasonal variation 2) which is of large importance in this basin characterized by rainfed agriculture. Some studies found an insignificant relationship between water cycle components and historical land use changes 6), 9) . However, changes in vegetation cover were not considered. Therefore, re-evaluation of effect of land cover change on variations of water balance component at the basin is essential.
The final objective of this study is to determine how hydrological cycle responds on climate and land use change in the Chi basin. However, in this paper, our focus is only on effects of land use conversion, the effect of climate variability has not been considered yet.
The SWAT model is applied to estimate response of seasonal and annual water yields and ET to the changes of vegetation cover on existing basin. Hydrological simulation is carried out under historical climate conditions and various land cover changes. Five land use change scenarios were evaluated. A baseline of a current land use was established and hydrological simulations were compared for the land use scenarios.
MATERIALS AND METHODS (1) The study area
The Chi basin is located across the central part of Northeast Thailand. Total catchment area of the basin is about 49,476 km 2 . More than 60 percent of the basin is predominantly rain-fed area with rice paddy as major crop. The basin is surrounded by mountain and high plateau ranges from the north to west making the river basin shape as of a flat bowl at the lower reaches as shown in Fig. 1 . The weather over the basin is characterized by monsoon tropical climate with distinctive dry and wet seasons. The wet season is from mid-May to October but its intensity increases on June to August and subsides in mid-September. The dry season is from November to April. The average annual precipitation is about 1,150 mm per year and range of precipitation various between 900-1,700 mm.
(2) Data collection and analysis
Details of required data for assessing impacts of land use change on hydrology over the Chi basin are explained in this section.
Spatial data set include a digital elevation map (DEM), land use and soil map. Soil properties data was aggregated into 62 soil types. Land use map is obtained from complete field survey in 2003. The land use and soil map were provided by the Land Development Department (LDD). Meteorological data consist of daily precipitation, maximum and minimum temperature, relative humidity, wind speed, and solar radiation. Observed discharge data was used for model calibration. These data are obtained by Royal Irrigation Department (RID) and Meteorological Department
(3) Land use scenarios
Projection of future land use change is rather uncertain since several aspects contribute to a conversion of land use such as population growth, socio-economic conditions and so on. In this study, land use scenarios were developed by directions of national policies, current trends and possible future land use conditions 6), 8) . We briefly describe the simple assumptions of five plausible land use scenarios as follows:
Scenario 1-Conversion of current forested area to farmland: This scenario is based on land use trend of past 52 years in which deforestation has been continuously increasing 6) . Scenario 2-Switch of farmland to forest area:
I_32

Fig.2 The land use types in the Chi basin
Increase in farmland is assumed to mostly occur in the reduced forest areas. Whereas, the reforestation and forest protection by proposed law, supported through national policy, has also been considered.
Scenario 3-Substitution of current paddy fields by sugarcane plantation: This scenario is assumed for the case in which there is fluctuations in crops price that would make farmer switch from rice crop to other crops.
Scenario 4-Food bowl production (current farmland is converted to rice cultivation): This proposed scenario is based on Thailand"s policy for being food bowl 8) . Thus, farmers would increase the rice production to trade primarily by expansion of paddy field into potential farmland.
Scenario 5-Bio-fuel production (current farmland is converted to sugarcane plantation): This scenario focuses on energy crops plantation for producing bio-fuel under conditions that rice paddy area remains constant.
As can be seen in Fig.2 , the current land use types in the Chi basin are dominated by 43.5% of rice paddy field (RICE), 20.5 % of forest area (FRSD), 25.5% of farmland (AGRR) including vegetables, soy bean, corn, cassava and 10.5 % of others. The percentage of land use types according to different scenarios is also shown in Fig. 3 .
(4) Hydrological Model
SWAT is a spatially semi-distributed hydrologic model operating on a daily time step. The model is developed to predict the impact of land management practices on water, sediment and agricultural chemical yield in large watersheds 9) . In the SWAT model, a watershed is divided into sub-basins by overlaying land use, soil map and slope classes, then further sub-divided into lumped units called hydrologic response units (HRUs), having unique land use and soil combinations. HRUs represent percentages of the sub-watershed area and are not identified spatially within a SWAT simulation. The overall water balance is simulated at HRUs level, including canopy interception of precipitation, ET, .
(5) Model performance evaluation
The SWAT model includes a large number of parameters, so sensitivity analysis was conducted to find parameters effecting streamflow. It found that the parameters representing surface runoff and soil properties are most sensitive such as CN, Esco and SOL_AWC. The sensitive parameters were then used for model calibration as shown in Table 1 .
Model calibration and validation were carried out using observed streamflow data for the period of 1991-2000 and 2001-2003, respectively. Model simulation actually starts from 1990 but one year period at the beginning is left as spin up period. This period is necessary for stabilization of various water storage parameters such as groundwater depth, soil moisture 9) . An automated baseflow separation technique 11) was used to separate daily observed flow into portion contributed by surface runoff and baseflow. Then, the calibration was first carried out against average annual and monthly streamflow.
Many studies have been successfully applied a . Alansi (2009) validated SWAT model for estimating the impact of paddy filed changes on flow in humid tropical condition. The model was able to simulate annual and monthly flow successfully 13) . These studies show an adequate potential of the model to evaluate hydrological impacts of land use change.
RESULTS AND DISCUSSIONS (1) Calibration and validation
As shown in Fig. 4 , the performance of model was evaluated at several sub-watersheds by using coefficient of determination and Nash-Sutcliffe coefficient in the range of 0.5 to 0.87 and 0.48 to 0.86, respectively. The comparison of monthly observed and simulated streamflow at the basin outlet is shown in Fig. 5 , it can be seen that the simulated flow is not fitted to observed flow in some years. However, overall results generally indicated that the model performs sufficient well in simulating flow except around the upstream region with steep topography. The poor performance can be attributed to inadequate representation of rainfall pattern due to small number of observation rain gauges and lower the rain gauge density compared to the minimum criterion specified by the World Meteorological Organization (WMO).
(2) Hydrologic impacts on land use change
Effects of land use change on water yield and ET are derived from comparisons between the model results from current land use and various land use scenarios. These results of change in annual and seasonal water yield and ET according to various land use scenarios are summarized in Table 2 . The first two scenarios are regarded to changing of deciduous forest area and farmland. Scenario 1 represents conversion of forested area to farmland. This change resulted in an increasing of 2.1 % annual flows and wet season flows by 2.4%, but flows decrease in dry season by 1.7%. Even, forest area is reduced by 50 % of previous forested area (10% of entire basin area) but water yields are in a relatively small change. These results are consistent with previous findings by Wilk (2001) 14) , reported that a large reduced forest area had no significant effect on flows in Nam Pong catchment. However, deforestation could induce shorten both the amount and timing of water flow in the summer 6) . While, removal of forest resulted in a minor decrease of annual ET, it showed different signs in seasonal ET. This is probably because farmland has a lower rate of ET than forest area does.
In the latter is scenario 2 representing expansion of forest land to replace farmland. As anticipated, the opposite trends occurred comparing to scenario 1 that show decline of annual flow by 2.8%. One of the important concerns regarding conversion of forest area related to seasonal water availability that is a significant reduction flows in wet season by 3.2%, while dry season flows increase by about 2.2%. It may be attributed to increase of infiltration during rainy season into groundwater, resulting in increased baseflow, and then higher dry season flows. Also, the deep rooting depths of forest can uptake a significant amount of water even in the dry season 15) . The decreased annual flows and increased dry season flows are same to Guo (2008) that found in similar land use change but under different climates.
As conversion of farmland to forest area brings to 1.4% increasing of annual ET, explicitly raise in wet season by 2.1%. It could be explained that forest plants have larger leaf areas leading to more transpiration than farmland. Moreover, a slight reduction of ET is also found in the dry season. This is because most deciduous forest area is leafless during in the dry season so that the ET of deciduous tropical monsoon forests is expected to lessen in the dry season 15) . However, the small magnitude of change in water yields indicates that the total ET amount of the reforested areas is not considerably larger than the previously farmland. The sign of these changes in two first scenarios is also corresponding to previous studies in other regions 2) . Scenarios 3 examined the conversion of existing paddy field to sugarcane plantation. The results showed a significant effect on declining of the annual and seasonal flows. It has also seen 1.4% increase in annual ET derived from relatively small decrease in wet season and increase in dry season by nearly 5 %. The fact that sugarcane is a very water demanding crop with a long growing season and larger leaf area than rice caused higher ET. Moreover, growth period of sugarcane also takes 300 days to reach maturity starting from May to February, while previous rice paddy field take such about 150 days throughout the growing season starting from July to November. The lag time period of planting is getting in sugarcane of mutual growth taking much water requirement. This reason may be caused a building up of dry season ET, contributing to a decrease in water flows.
Scenario 4 represents conversion of entire existing farmland into rice cultivation. Seasonal changes in water yields showed rather high increase of flows in the dry season by 5.1% and smaller raise in wet season by 2.3 % contributed to growth in 2.5% of annual flows. Similarly, Alansi (2009) found changes of paddy fields in humid tropical climate are responsible for an increase in the annual flow. However, seasonal changes in ET showed notably different signs that are 2.7 % increase in wet season but rather large reduction in dry season by nearly 12 %. Increase in water yields are attributed by large reduction in ET during dry season from the surface compared to current croplands surface. These results agree with Attarod (2006) that ET of paddy fields in Northeast are lowest in January and peak in the mid growing season in September 16) . Scenario 5 represents a promotion of biofuel production when entire farmland is cleared to produce sugarcane, without considering amount of yields. The results showed a relative small change in annual water yields and ET but major seasonal changes are detected. Obviously, the considerable variability of ET displays through diminished dry season ET by up to 4.5 %, while 3.3 % of increased wt season ET is investigated. This is due probably to the difference in cropping pattern. The previously farmland was covered with various crops during wet season and abandoned as bare ground in dry season, while sugarcane plantation take longer growing period. Larger leaf area of sugarcane than crops bring to raise in wet season ET, however the total ET amount of sugarcane in dry season is not greater than the previous bare ground, leading reduced ET.
CONCLUSIONS
The assessment of hydrologic responses on land use changes in the Chi basin indicated that different land use changes affected various water yields and ET, resulting from different crop type and cropping pattern of previous land use and land use scenarios.
Changing of forest area and farmland show a
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slightly change on flows and ET. As the conversion of paddy field to sugarcane plantation lead to clearly decreased water flows. Particularly, expansion of rice paddy fields has small changes on annual flows and ET but significant effect occurred on seasonal flows. The results showed diminished ET and increased water yield by during dry season. Moreover, extended sugarcane plantation for biofuel production showed significant effect on seasonal ET, mainly decrease in dry season but little changes were detected on water yields. Generally, land use change slightly influenced the water budget, possibly because the extents of the land use changes were relatively small compared to the entire area. However the combined effect of land use and climate change may notably influence on hydrological cycle 2) . Similarly, some studies found climate variability influenced surface hydrology more significantly than land use change. Thus, further study would be considered the hydrological impacts on climate and land use change.
